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® Semiconductor device with an MOST provided with an extended drain region for high voltages. 



® The invention relates to a semiconductor device 
with a semiconductor body (1) comprising a surface 
region (3) of a first conductivity type which adjoins a 
surface and in which a field effect transistor is pro- 
vided which comprises a channel region (7) with a 
gate electrode (8) above it, and a source region (4). 
a drain region (5) and a drain extension region (6). 
The drain extension region (6) serves to improve the 
drain breakdown voltage of the field effect transistor. 
In practice, a high breakdown voltage is accom- 
panied by a comparatively high on-resistance of the 
transistor. 

According to the invention, the drain extension 
region (6) has a geometry different from that in 
known transistors, i.e. the drain extension region (6) 
comprises a number of zones (25) of the second 




conductivity type which extend from the channel 
region (7) to the drain region (5) and which have a 
width (26) and doping concentration such that, when 
the voltage difference across the blocked pn junction 
(28) between the surface region (3) and the drain 
extension region (6) is increased, the drain extension 
region (6) is fully depleted at least locally before 
drain breakdown occurs. 

The measure according to the invention renders it 
possible to choose the number and the width (26) of 
the zones (25) as an additional parameter of the 
device. It is a surprise to find that devices according 
to the invention have comparatively high drain break- 
down voltages and comparatively low on-reslstances 
which cannot be realised with a continuous drain 
extension region (6). 
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The invention relates to a semiconductor de- 
vice with a semiconductor body comprising a sur- 
face region of a first conductivity type which ad- 
joins a surface and In which a field effect transistor 
with insulated gate is provided, with source and 
drain regions of the second, opposed conductivity 
type in the surface region and a drain extension 
region of the second conductivity type which ad- 
joins the drain region and the surface, which has a 
lower doping concentration than the drain region, 
and which extends longitudinally in the direction of 
the source region, with a channel region of the first 
conductivity type situated between the drain exten- 
sion region and the source region, and with a gate 
electrode situated above the channel region and 
separated from the channel region by an insulating 
layer. 

Such a semiconductor device is particularly 
useful as a switching element at high voltages, for 
example, for applications In motorcars, TV sets and 
audio power amplifiers. 

European Patent no. 69429 discloses a device 
of the kind mentioned in the opening paragraph. In 
this device, a drain extension region of the same 
conductivity type as but with a lower doping con- 
centration than the strongly doped drain region is 
provided between the gate electrode and the com- 
paratively strongly doped drain region. The surface 
region is electrically Interconnected with the source 
region. Starting from a certain drain voltage, /.e. the 
voltage between source and drain regions, when 
the pn junction between the surface region and the 
drain extension region is blocked, the drain exten- 
sion region is pinched off owing to an expansion of 
a depletion zone from the blocked pn junction, 
whereby the surface field strength at the side of 
the drain region is reduced and the voltage be- 
tween the source and drain regions at which break- 
down takes place, the so-called drain breakdown 
voltage, Is Increased. 

Although high drain breakdown voltages can be 
achieved in this manner, a high breakdown voltage 
Is accompanied in practice by a comparatively high 
source-drain resistance, i.e. the on-resistance (Ron) 
of the transistor is high. This is because only a 
comparatively weak doping of the drain extension 
region will lead to a sufficient depletion of the drain 
extension region. This weak doping, however, leads 
to a high resistance of the drain extension region. 
In practice, moreover, an additional doping step is 
often necessary for providing the desired weak 
doping in the drain extension region. Such an addi- 
tional doping step makes the process flow more 
Intricate and expensive, and Is therefore undesira- 
ble. 

The invention has for its object inter aiia to 
provide a semiconductor device In which drain 
breakdown voltage and on-reslstance can be varied 



within wide margins, preferably without additional 
process steps being necessary. 

The invention is based on the recognition that 
this can be achieved by giving the drain extension 
5 region a different geometry. According to the in- 
vention, the device is for this purpose characterized 
In that the drain extension region comprises a 
number of zones of the second conductivity type, 
which zones extend from the channel region to the 
10 drain region and have a width and doping con- 
centration such that upon an increase in the volt- 
age difference across the blocked pn junction be- 
tween the surface region and the drain extension 
region the drain extension region is fully depleted 

75 at least locally before drain breakdown takes place. 
The measure according to the invention renders It 
possible to choose the number and the width of the 
zones as an additional parameter of the device. It 
is a surprise to find that devices according to the 

20 Invention can have drain breakdown voltages and 
on-reslstance values which cannot be realised with 
a continuous drain extension region. It is suspected 
that depletion of the zones in a device according to 
the invention takes place both from a lower side of 

25 the zones in vertical direction and from lateral sides 
of the zones in lateral direction. Owing to this so- 
called multidimensional depletion, full depletion can 
take place even with a comparatively high doping 
level of the zones, so that electric fields near the 

30 drain extension region remain comparatively weak 
and a comparatively high drain breakdown voltage 
is obtained. The on-resistance of the device is 
comparatively low owing to the comparatively 
strong doping in the zones. 

35 The zones may be manufactured in a compara- 
tively simple manner without additional process 
steps in that a drain extension region having zones 
Is provided Instead of a continuous drain extension 
region during the drain extension region doping 

40 step. A comparatively low doping level may be 
achieved through lateral and vertical diffusion of 
doping atoms during the provision of the zones. 
Such a low level increases the drain breakdown 
voltage and thus affords additional possibilities for 

45 nevertheless obtaining a device with a compara- 
tively high breakdown voltage by means of a stan- 
dard doping step in which a comparatively large 
quantity of dopant atoms is implanted. The on- 
resistance of the device is influenced by the diffu- 
se sion only to a minor extent. 

In a first embodiment, the width of the zones Is 
approximately equal to the depth of the drain ex- 
tension region, while the doping concentration de- 
creases from the centre of each zone to an edge of 

55 the zone. Such zones may be manufactured in a 
simple manner, for example, by providing the dop- 
ant atoms through Implantation and subsequent 
diffusion. Diffusion from the implanted zones then 
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leads to a decrease in the doping concentration 
towards the edges of the zones. In general, the 
zones will lie substantially against one another. In 
this geometry of the drain extension region, the 
surface area of the semiconductor body is opti- 
mally utilized. A comparatively small interspacing 
between the zones already leads to multidimen- 
sional depletion and to an improvement in the drain 
breakdown voltage. 

In a further embodiment, the width of the zones 
increases from the channel region to the drain 
region. This embodiment offers the advantage that 
the drain breakdown voltage increases as com- 
pared with that of zones of constant width. Owing 
to the increasing zone width from the channel 
region to the drain region, the electric field is 
spread more evenly, so that the maximum value of 
the electric field is reduced and drain breakdown 
takes place at higher voltages. A further advantage 
is that the on-resistance of the transistor becomes 
lower because the increasing width of the zones 
renders the resistance In the zones lower than in 
zones of constant width. 

In a further embodiment, the zones are inter- 
connected by a region of the second conductivity 
type in a portion of the drain extension region 
which adjoins the channel region. The channel re- 
gion is a continuous region then. i.e. current can 
cross from the source to the drain extension region 
over the entire width of the channel and not only at 
the areas of the zones, which results in a steeper 
transistor. To realise a high drain breakdown volt- 
age, it may be desirable to use additional means 
for depleting the drain extension region adjoining 
the channel region. This may be achieved through 
the application of a field plate above this portion of 
the drain extension region, which field plate is 
insulated from the drain extension region and, for 
example, electrically connected to the source re- 
gion or the gate electrode. It is also possible to 
deplete this portion of the drain extension region 
by providing a strongly doped layer of the first 
conductivity type on a boundary between substrate 
and surface region. This strongly doped layer then 
extends to below the portion of the drain extension 
region which adjoins the channel region. The por- 
tion of the drain extension region adjoining the 
channel region is then additionally depleted from 
the strongly doped region, so that no premature 
breakdown will occur in this portion of the drain 
extension region. 

In a further embodiment, the zones are inter- 
connected by a region of the second conductivity 
type In a portion of the drain extension region 
which adjoins the drain region. The transition be- 
tween drain extension region and drain region is 
less abrupt then, so that no peaks occur in electric 
fields and a higher drain breakdown voltage can be 



realised. 

In a further embodiment, the quantity of dopant 
atoms in the zones is approximately 6 x 10^^ 
atoms/cm^. Such a quantity renders it possible to 
6 use a doping for a so-called well in a CMOS 
(complementary MOS) process for doping of the 
zones of the drain extension region and neverthe- 
less obtain a comparatively high drain breakdown 
voltage. 

10 The Invention will be explained in more detail 

below by way of example with reference to a few 
embodiments and the accompanying diagrammatic 
drawing, in which: 

Fig. 1 is a plan view of the semiconductor 
75 device according to the invention. 

Fig. 2 Is a cross-section through a semiconduc- 
tor device taken on the line l-l in Rg. 1 . 
Figs. 3 and 4 are cross-sections through dif- 
ferent embodiments of the semiconductor de- 
20 vice taken on the line 11-11 in Fig. 1. 

Figs. 5 and 6 are plan views of further embodi- 
ments of a semiconductor device according to 
the invention. 

The Rgures are purely diagrammatic and not 
25 drawn to scale. Corresponding parts are generally 
given the same reference numerals in the Figures. 
Wiring patterns on the surface have been omitted 
in the plan views of Rgs. 2. 5 and 6 for reasons of 
clarity. 

30 Rg. 1 is a plan view and Figs. 2 and 3 are two 

cross-sections taken on the lines l-l and ll-ll of Rg. 
1 , respectively, of a semiconductor device accord- 
ing to the Invention. The semiconductor device 
comprises a semiconductor body 1, in this exam- 
35 pie made of silicon, having a surface region 3 of a 
first conductivity type, in this case n-type. adjoining 
a surface 2, in which region a field effect transistor 
with insulated gate is provided. The field effect 
transistor comprises source and drain regions 4 
40 and 5 of the second, opposite conductivity type, so 
the p-type In this example, in the surface region 3, 
It further comprises a drain extension region 6 of 
the second, p-conductivity type with a lower doping 
concentration than the drain region 5 and adjoining 
45 the drain region 5 and the surface 2. The drain 
extension region 6 extends longitudinally In the 
direction of the source region 4. A channel region 7 
of the first, n-conductivity type, which forms part of 
the surface region 3, is situated between the drain 
50 extension region 6 and the source region 4. A gate 
electrode 8 of the field effect transistor is present 
atx>ve the channel region and is separated from the 
channel region 7 by an Insulating layer. In this 
example a silicon oxide layer 9 with a thickness of 
65 70 nm. The gate electrode 8 in this example is 
made of polycrystalline silicon, but It may alter- 
natively be made from, for example, a metal. 
The surface region 3 is formed by an n-type epi- 



3 



5 



EP 0 634 798 A1 



6 



taxial layer on a semiconductor body 10 formed by 
a p-type semiconductor substrate. The surface re- 
gion 3 is laterally bounded by a p-type separation 
region 12 wliich extends from the surface 2 down 
to the substrate 10. 

Adjoining the source region 4 there is an n+-type 
region, the backgate contact region 13, which acts 
as a connection region for the surface region 3. 
Above the source region 4 and the backgate con- 
tact region 13. an electric conductor 14 Is provided 
which acts as a source electrode and which also 
short-circuits the source region 4 with the surface 
region 3 via the backgate contact region 13. A 
drain electrode 15 is present on the drain region 5, 
while a connection electrode 19 for the substrate Is 
provided on a lower side of the semiconductor 
body 1. 

A semiconductor device as in the present ex- 
ample, a p-channel MOST with a drain extension 
region, is also called EPMOS. A p-type silicon 
substrate 10 with a doping concentration of 5 x 
10^* atoms/cm^ (resistivity approximately 30 Q.cm) 
Is used as the semiconductor body. The surface 
region 3 comprises an n-type layer which is epitax- 
ially provided on the semiconductor body and 
which has a doping concentration of 3 x 10^^ 
atoms/cm^ and a thickness of 9 um (resistivity 
approximately 1.5 o.cm). The backgate contact re- 
gion 13 has an n-type doping concentration of 5 x 
10^5 atoms/cm^ and the source region 4 and drain 
region 5 have a p-type doping of 2 x 10^^ 
atoms/cm^. The drain extension region 6 has a 
doping of 6 x 10^2 atoms/cm^. The separation re- 
gion 12 has a p-type doping of 1 x lO^s atoms/cm^. 
The width of the channel region 7 is 50 um and its 
length is 8 um. The drain extension region 6 has a 
length of 18 um against a width of 50 um. 

Such a semiconductor device is particularly 
suitable for use as a switching element at high 
voltages, for example, in applications in motorcars, 
TV sets and audio power amplifiers. Various mea- 
sures may be taken to improve the drain break- 
down voltage of the field effect transistor, serving 
to decrease the field strength at or adjacent the 
surface In those locations where there is a risk of 
avalanche breakdown. 

Thus a drain extension region 6 of the same 
conductivity type as but with a lower doping con- 
centration than the strongly doped drain region 5 is 
provided in the semiconductor device described 
above between the gate electrode 8 and the com- 
paratively strongly doped drain region 5. When a 
high voltage is applied to the drain electrode 15 in 
relation to the source and gate electrodes 14, 8, 
the electric field near an edge of the channel 
region 7 is reduced by ttie drain extension region 
6. Owing to this reduction, drain breakdown takes 
place at high drain voltages only. 



To Increase the drain breakdown voltage, fur- 
thermore, a field plate 16 above the drain extension 
region 6 may be used, electrically connected to the 
source region 4 or the gate electrode 8. The field 
5 plate 16 is separated from the drain extension 
region 6 by a stepped insulating layer 17, for 
example made of silicon oxide. The drain break- 
down voltage may be further increased by the 
application of a strongly doped layer 18 of the first 
10 conductivity type at a boundary between the sub- 
strate 10 and the surface region 3 below the chan- 
nel region 7 and the drain extension region 6. The 
field plate 16 and the strongly doped layer 18 
achieve an additional depletion of the drain exten- 
75 sion region 6. 

An EPMOS as described above provided with 
a field plate 16, a buried layer 18 with a doping of 
3 x 10^5 atoms/cm^ and with a continuous drain 
extension region 6 with a doping of 6 x 10^^ 
20 atoms/cm^ has a drain breakdown voltage of 45 V 
and an on-resistance of 4000 Q (for a 12-V gate 
voltage). If a higher drain breakdown voltage value 
is desired in practice, the doping of the drain 
extension region 6 is reduced, because only a 
25 comparatively weak doping of the drain extension 
region 6 will lead to a full depletion of the drain 
extension region 6. This weak doping leads to a 
high resistance of the drain extension region 6. 
while moreover an additional doping step is re- 
30 quired for realising the weak doping of the drain 
extension region 6. 

According to the invention, the drain extension 
region has a geometry different ft-om that of tiie 
known drain extension region 6 in that it comprises 
35 a number of zones 25 of the second conductivity 
type which extend from the channel region 7 to the 
drain region 5 and which have a width 26 and 
doping concentration such that, when the voltage 
difference across the blocked pn junction 28 be- 
40 tween the surface region 3 and the drain extension 
region 6 is increased, the drain extension region 6 
is fully depleted at least locally before drain break- 
down takes place. The measure according to the 
invention renders it possible to choose the number 
45 and tiie width 26 of the zones 25 as an additional 
parameter of the device. 

It is suspected that depletion of the zones 25 
takes place in a device according to the invention 
both from a lower side of the zones in vertical 
50 direction, Le. transverse to the surface 2, and from 
the lateral sides 30 of the zones in lateral direction, 
Ae. parallel to the surface 2. Owing to this so-called 
multidimensional depletion, full depletion can nev- 
ertheless take place at a comparatively high doping 
55 level of tfie zones 25. so that electi-ic fields near 
the drain extension region 6 remain comparatively 
low and a comparatively high drain breakdown volt- 
age is obtained. The on-resistance of the device is 



7 



EP 0 634 798 A1 



8 



comparatively low owing to the comparatively 
strong doping in the zones 25. 

Fig. 3 shows a first embodiment in which the 
width 26 of the zones 25 is approximately equal to 
the depth 27 of the drain extension region 6, while 
the doping concentration decreases from the cen- 
tres of the zones 25 to an edge 28 of each zone 
25. The zones 25 may be manufactured in a com- 
paratively simple manner without additional pro- 
cess steps in that a drain extension region with 
zones 25 is provided instead of a continuous drain 
extension region 6 in the doping step for the drain 
extension region 6. It suffices for this to adapt an 
illumination mask for the definition of the drain 
extension region 6. In the example described here, 
the drain extension region may thus be subdivided 
into, for example, six zones 25 (see Fig. 1). The 
drain extension region 6 is then provided in a 
known manner by implantation and diffusion 
through a window manufactured by means of the 
illumination mask. The window in this example had 
a width of 3 um with an interspacing of 6 jxm 
between windows. The zones 25 are then provided 
by implantation through the window such that this 
results in approximately 6 x 10^^ atoms/cm^ in the 
zones 25. 

Such a concentration of dopant atoms renders it 
possible to use a standard doping for a p-well In a 
CMOS (complementary MOS) process for doping 
the zones 25 of the drain extension region 6. After 
the implantation a heat treatment at 1150 *C is 
given during six hours. The zones 25 have a width 
of approximately 6 urn and a depth of approxi- 
mately 5 wm after the diffusion. A comparatively 
low doping level in the zone 25 after dopant atoms 
have diffused away laterally and vertically, and the 
reduction in the doping concentration takes place 
towards the edges 28 of the zones 25. A low 
doping level reduces the drain breakdown voltage 
and thus offers additional possibilities for neverthe- 
less obtaining a device with a comparatively high 
breakdown voltage in a standard doping step, in 
which a comparatively large quantity of dopant 
atoms is implanted. The on-resistance of the de- 
vice is influenced by the diffusion to a small extent 
only. 

The zones 25 may lie substantially against one 
another, as shown in Fig. 4. In this geometry of the 
drain extension region 6, the surface area 2 of the 
semiconductor body is optimally utilized. A com- 
paratively small Interspacing between the zones 25 
already leads to multidimensional depletion and an 
improvement In the drain breakdown voltage. 

When a transistor with a continuous drain ex- 
tension region 6 is compared with a transistor 
having a drain extension region with zones 25. 
given an equal concentration of dopant atoms in 
zones 25 and continuous regions 6. the device 



according to the invention has a much higher drain 
breakdown voltage accompanied by a compara- 
tively small increase in the resistance. The semi- 
conductor device according to the invention de- 
5 scribed above has a breakdown voltage of 140 V at 
an on-resistance of approximately 5600 Q. The 
drain breakdown voltage has accordingly risen 
more than threefold, while the on-resistance has 
risen by only 40% compared with a known transis- 
w tor. When a transistor having a continuous drain 
extension region 6 with a comparatively low con- 
centration of dopant atoms is compared with a 
transistor having a drain extension region with 
zones 25 with a higher concentration of dopant 
16 atoms in the zones 25, the device according to the 
invention can have a much lower resistance at the 
same drain breakdown voltage. 

Rgs. 5 and 6 show how the width 26 of the 
zones 25 increases from the channel region 7 to 
20 the drain region 5 in a further embodiment. This 
embodiment offers the advantage tfiat the drain 
breakdown voltage increases compared with zones. 
25 having a constant width 26. Owing to an in- 
creasing width 26 of the zones 25 from tfie channel 
25 region 7 to the drain region 5. the electric field is 
more evenly spread, so that ttie maximum value of 
the electric field is reduced and drain breakdown 
takes place at higher voltages. A further advantage 
is that the on-resistance of the transistor is reduced 
30 because the increasing width 26 of the zones 25 
renders the resistance of the zones 25 lower com- 
pared with that of zones 25 having a constant width 
26. The width 26 of the zones may increase con- 
tinuously from the channel region 7 as shown in 
35 Fig. 5. Alternatively, the Increase in width 26 may 
be stepped as in Rg. 6. This last embodiment is 
readily realised by means of photolithographic 
techniques. In the examples of Figs. 5 and 6, the 
zone 25 has a width of 6 um where it adjoins the 
40 channel region 7, while the zones 25 touch one 
another at a horizontal distance of 10 um from the 
channel region. The total length of the drain exten- 
sion region 6 is 18 um. Compared with zones 25 
having a constant width, the drain breakdown volt- 
es age then increases while the on-resistance de- 
creases. 

Fig. 1 shows an embodiment in which the 
zones 25 are interconnected by a region 31 of the 
second conductivity type in a portion of the drain 

50 extension region 6 which adjoins the channel re- 
gion 7. The channel region 7 then is a continuous 
region, /.e. current can cross from the source re- 
gion 4 to the drain extension region 6 over the 
entire width of the channel 7 and not only at the 

65 areas of the zones 25. which results in a steeper 
transistor. This means that the current change 
through the transistor at a gate voltage change is 
greater for a transistor provided with ttie region 31 
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than for a transistor without the region 31. To 
realise a high drain breakdown voltage, it may be 
desirable to use additional means for depleting the 
drain extension region 6 adjoining the channel re- 
gion 7, especially the region 31, through the ap- s 
plication of a field plate 16 above this portion of the 
drain extension region 6. The field plate 16 Is 
separated from the drain extension region 6 by an 
Insulating layer 17, in this example made of silicon 
oxide, and is electrically connected to the source. It io 
is alternatively possible to deplete this portion of 
the drain extension region 6 by the application of a 
strongly doped layer 18 of the first conductivity 
type on a boundary between substrate 10 and 
surface region 3. This strongly doped layer 18 then 75 
extends to below the portion 31 of the drain exten- 
sion region 6 which adjoins the channel region 7. 
The portion 31 of the drain extension region 6 
which adjoins the channel region 7 is then addition- 
ally depleted from the strongly doped region 18. so 20 
that no premature breakdown occurs in this portion 
31 of the drain extension region 6. A region 31 with 
a doping of 6 x lO^^ atoms/cm^ is provided in the 
example of Fig. 1 . 

Figs. 1, 6 and 6 show a further embodiment in 25 
which the zones 25 are interconnected by a region 
29 of the second conductivity type in a portion of 
the drain extension region 6 which adjoins the drain 
region 5, The transition between the drain exten- 
sion region 6 and the drain region 5 is less abrupt 30 
then, so that no peaks occur in electric fields and a 
higher drain breakdown voltage can be realised. 
This embodiment gives an extra high drain break- 
down voltage when the region 29 is doped more 
strongly than the remainder of the drain extension 35 
region 6. Such a strong doping may be realised in 
a simple manner during the manufacture of the 
zones 25. The average concentration of doping 
atoms in the zones 25 is comparatively low owing 
to diffusion during the manufacture of the zones 25. 4o 
Much lower losses of dopant atoms owing to diffu- 
sion take place in the continuous region 29, so that 
this region 29 will have a higher doping level than 
the zones 25. In the examples of Rgs. 1 . 5 and 6, a 
region 29 with a width of 8 um is provided. Such a 45 
region 29 increases the drain breakdown voltage 
and reduces the on-resistance of the transistor 
according to the invention as compared with a 
transistor without a region 29. 

The invention is not limited to the embodi- 50 
ments described above. Thus, for example, a body 
of a semiconductor material other than silicon may 
be used. The surface region 3 may be provided not 
only by epitaxial growth but also by diffusion or 
implantation. It is also possible for the conductivity 55 
types of the regions In the examples to be the 
opposites. 



Claims 

1. A semiconductor device with a semiconductor 
body comprising a surface region of a first 
conductivity type which adjoins a surface and 
in which a field effect transistor with insulated 
gate is provided, with source and drain regions 
of the second, opposed conductivity type in 
the surface region and a drain extension region 
of the second conductivity type which adjoins 
the drain region and the surface, which has a 
lower doping concentration than the drain re- 
gion, and which extends longitudinally In the 
direction of the source region, with a channel 
region of the first conductivity type situated 
between the drain extension region and the 
source region, and with a gate electrode situ- 
ated above the channel region and separated 
from the channel region by an insulating layer, 
characterized in that the drain extension region 
comprises a number of zones of the second 
conductivity type, which zones extend from the 
channel region to the drain region and have a 
width and doping concentration such that upon 
an increase in the voltage difference across 
the blocked pn junction between the surface 
region and the drain extension region the drain 
extension region Is fully depleted at least lo- 
cally before drain breakdown takes place. 

2. A semiconductor device as claimed in Claim 1 . 
characterized in that the width of the zones is 
approximately equal to the depth of the drain 
extension region, while the doping concentra- 
tion decreases from the centre of each zone to 
an edge of the zone. 

3. A semiconductor device as claimed in any one 
of the preceding Claims, characterized in that 
the width of the zones increases from the 
channel region to the drain region. 

4. A semiconductor device as claimed in any one 
of the preceding Claims, characterized in that 
the zones are interconnected by a region of 
the second conductivity type in a portion of the 
drain extension region which adjoins the chan- 
nel region. 

5- A semiconductor device as claimed in any one 
of the preceding Claims, characterized in that 
the zones are interconnected by a region of 
the second conductivity type in a portion of the 
drain extension region which adjoins the drain 
region. 

6- A semiconductor device as claimed in any one 
of the preceding Claims, characterized in that 
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the quantity of dopant atoms in the zones is 
approximately 6 x 10^^ atoms/cm^. 
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